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FLAPPER VALVE 



The present invention relates to a flapper valve which is 
especially useful in fluid catalytic cracking (FCC) units. 

The fluid catalytic cracking process has reached a 
preeminent position in the petroleum industry in the United States 
for the production of gasoline and middle distillate boiling range 
products from higher boiling feeds such as vacuum gas oils. The 
essentials of the process are veil defined and described, for 
example, in "Fluid Catalytic Cracking with Zeolite Catalysts," 
Venuto et al, Marcel rekker New York, 1979, »<odera Petrol euir 
Technology , Ed. G. D. Hobson, Applied Science Publishers Ltd. 1973, 
to which reference is made for a general description of the FCC 
process. Most modem cracking units employ riser cracking in which 
the high boiling feed which is to be cracked is contacted with hot 
cracking catalyst in a vertical ;ipe or riser, after which the 
vaporous cracking products are separated from the spent cracking 
catalyst in a reactor vessel which surrounds the top of cracking 
riser. The separated catalyst is then passed to a regenerator in 
which the coke (a hydrocarbonaceous material which accumulates on 
the catalyst during the cracking) is oxidatively removed by contact 
with an oxygen-containing gas, usually air. Regeneration not only 
removes the coke from the catalyst but also provides heat for the 
endothermic cracking reactions; the hot, regenerated catalyst is 
returned from the regenerator vessel to the foot of the cracking 
riser for contact with additional cracking feed. 

Separation of the catalyst from the cracking vapors is 
usually effected in one or more cyclone separators within the 
reactor vessel. The separator cyclones may be connected directly to 
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the riser in order to effect an initial rapid separation of the 
cracking products from the spent catalyst and additional separators 
may be provided for separating catalyst from the vapors in the 
reactor. Cyclone arrangements are shown, for example, in U.S. 
Patent 4,502,947 and 4,654,060 including an arrangement with a 
conduit connecting the riser cyclone to the reactor vessel cyclone 
so as to minimize contact between the cracking products and the 
catalyst in the reactor vessel. Preference is made to these patents 
for a disclosure of such cyclone arrangements. As shown there, the 
cvclones have dependent, vertical diplegs which extend down from the 
main body of the cyclone towards a dense, fluidized bed of the 
catalvst at the bottom of the reactor vessel. In order to provide 
the appropriate pressure differentials within the system, the 
diplegs may need to be sealed at the bottom. This may be done 
either by immersing the lower ends of the cyclone diplegs in the 
dense bed of catalyst or by employing a seal pet, as shown in U.S. 
Patent 4,502,947 and 4,654,060. Another alternative is to provide a 
flapper valve at the bottom of the dipleg, as shown, for example, in 
U.S. Patent 3,785,962 (Connor) and U.S. Patent 4,606,814 (Haddad). 

Flapper valves used in FCCU are generally quite simple 
mechanical structures employing a horizontally hinged, flat metal 
plate which is biased towards a closed position at the bottom of the 
dipleg. Biasing is normally provided by means of a counterweight on 
the opposite side of the hinge from the valve plate. In addition, 
the pressure differential between the inside and outside of the 
diplegs normally helps to keep the valve closed. When the valve is 
in its normal closed position, catalyst accumulates in the dipleg of 
the cyclone until it reaches a predetermined height in the dipleg 
when the weight of the catalyst above the valve overcomes the 
biasing effect holding the valve closed so that the valve opens and 
releases catalyst from the dipleg. Initially, the flapper valve is 
held open by the flow of catalyst but eventually the biasing 
overcomes this resistance and the valve closes again until the 
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catalyst builds up once again in the dipleg and forces the valve 
open. Proper functioning in the flapper valve is desirable at all 
tim?* but especially during startup when it is necessary to 
establish the requisite pressure differentials in the system for 
feed, catalyst and product flow to take place. A flapper valve is 
described in U.S. 4,446,107 (Euyan) to which reference is made for a 
description of such a valve. 

Existing flapper valves, by reason of their simple 
construction intended to withstand to stand the rigors of operation 
in the FCCU have given rise to certain problems. The catalyst is a 
relatively abrasive substance which, at the high temperatures 
encountered in the FCCU, tends to abrade and erode mechanical parts 
fairly rapidly unless adequate care is taken during design and 
fabrication. In any event, wear usi -lly occurs on surfaces 
including the flapper valve and on the pivot pin about which the 
hinging frequently occurs. There is therefore, a continued need for 
improving the operation of FCCU flapper valves. 

An improved flapper valve for FCCU operation has now been 
devised which reduces or eliminates the problems associated with 
current flapper valve design. The improved flapper valve according 
to the present invention provides positive dipleg sealing during the 
difficult stages of unit startup where catalyst flows and pressures 
are in a state of change as well as during normal operation where 
significant loading of catalyst is present. The improved valve also 
provides positive sealing in tertiary systems where the relatively 
low loadings of catalyst dust or fines have caused problems with 
current types of flapper valves. 

According to the present invention the flapper valve for 
sealing the dipleg on FCCU cyclone separators comprises a movable 
support member hinged to the dipleg about a horizontal hinge axis. 
The support member can be moved between a normally closed position 
of the valve and an open position which permits catalyst to be 
released from the dipleg with biasing being provided to maintain the 
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valve in the normally closed position against the weight of a 
predetermined height of catalyst in the dipleg. Biasing will 
normally be provided by means of a counterweight on the support 
member, in the conventional manner. A valve seat member is 
provided at the bottom of the dipleg which has a frusto-conical 
seating surface axially aligned with the dipleg, to provide sealing 
engagement with a valve body member on the iroveable support member. 
The valve body member has a frusto-conical face complementary to the 
frusto-conical seating surface of the valve seat member so that when 
the valve is in its closed position, sealing is provided by means of 
the two complementary, mating, frusto-conical seating surfaces of 
the seat member and the body member. 

The seating surfaces of the valve are preferably 
constituted by a wear- resistant or refractory material to avoid 
erosion by the abrasive catalyst particles and to this end, the body 
member and the seat member may be fabricated entirely of such a 
material or, alternatively, may be faced with such a material on the 
mating surfaces and any other surfaces over which the catalyst flows 
during normal operation. If the valve is installed so that it is 
horizontal when in the closed position, sealing will be improved by 
including an annular sealing ring around the valve body to retain a 
layer of catalyst on it when the valve is in the closed position. 

In the accompanying drawings: 

Figure 1A is a vertical view of a conventional flapper 
valve , 

Figure IE is a plan view from above of the valve of Figure 
1A, 

Figure 1C is a plan view from below of the valve of Figure 
1A, 

Figure 2 is a vertical cross-section of a flapper valve 
having frusto-conical sealing surfaces. 
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As described above, flapper valves are used at the lower 
ends of separator cyclones in FCCUs in order to maintain a 
predetermined height of catalyst in the dipleg above the valve. The 
valves are hinged about horizontal axes so as to permit them to open 
when the height of catalyst in the dipleg above the valve exceeds a 
predetermined value; the weight of catalyst pushes the valve open, 
permitting the catalyst to be discharged from the dipleg until the 
biasing on the valve closes it once more when the cycle repeats. In 
principle, the hinging could be carried out equivalently about a 
vertical axis with suitable biasing means e.g., a spring, provided 
for closing the valve, but conventionally a horizontal hinge axis is 
used with biasing towards the closed position of the valve provided 
by means of a counterweight on the opposite side of the hinge from 
the obturating or closing plate. The portion of the valve which 
closes the bottom of the dipleg may be vertical, horizontal or at 
any intermediate angle when the valve is in the closed position. 
U.S. 4,606,814 shows a valve which has the obturating member in the 
vertical position when the valve is closed and U.S. 3,785,962 shows 
a valve in which the obturating or closing member is horizontal when 
the valve is closed. U.S. 4,446,107 discloses a flapper valve which 
is inclined at an angle to the vertical axis of the dipleg vfcen it 
is in the closed position. The angle selected for the closed 
position of the valve is generally a matter of choice and it does 
not significantly affect the operation of the valve, except as 
described below. 

As shown in Figures 1A, IP and 1C, a conventional flapper 
valve installed at the bottom of dipleg 10 of a cyclone separator in 
an FCCU reactor is horizontally hinged with the obturating or 
closing plate horizontal when the valve is in its normally closed 
position. The movable portion of the valve is suspended from twin 
suspension arms 11 by means of pivot pin 12 which passes through 
both suspension arms as well as through hanger arms 13 which are 
fixed to movable support arms 14. Support arms 14 are, in turn, 
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attached to cross-member 15 which supports the valve obturating or 
closing plate 20. Plate 20 may be made of a solid sheet of heat 
resistant metal e.g., stainless steel, or alternatively may be 
fabricated of a refractory material with an annular reinforcing band 
21 to provide additional support at its edges. The valve is biased 
towards its normally closed position with the obturating plate 
against the bottom edge of dipleg 10 by means of counterweights on 
the opposite end of support arms 14 from obturating plate 20. 

The conventional type of flapper valve shown Figures 1A, IB 
and 1C encounters a number of problems during normal use in FCCO's. 
In particular, wear on the pivot pin tends to lead to leakage 
between the bottom edge of the dipleg and the obturating plate and, 
in addition, the plate itself tends to become abraded and eroded 
away during use as the particles of catalyst flow over it at the 
high temperatures encountered during FCC operation. 

The improved flapper valve according to the present 
invention reduces or elirorrates the problems associated with the 
conventional type of flapper valve. Figure 2 shows a flapper valve 
according to the present invention installed on a cyclone dipleg 30 
with the hinge axis horizontal and with the valve obturating or 
closing plate horizontal in the normally closed position of the 
valve. The suspension and counterweighting arrangements for the 
valve are the same as those described above in connection with 
Figure 1 with suspension arms 31 extending from the lower end of 
cyclone dipleg 30 and pivot pin 32 supporting hangar arms 33 which, 
in turn, are fixed to support arms 34 as in Figure 1A, IB and 1C. 
Similarly, support for the valve obturating or closing plate 40 is 
provided by means of horizontal transverse member 35 . 

Obturating or closing plate 40 of the present valve is 
significantly thicker than the conventional obturating plate in 
order to provide the desired tapered seating surfaces for the 
valve. Obturating plate 40 is constituted by a body member which 
has a frusto-conical sealing face 41 which provides sealing 
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engagement with a complementary concave sealing face 42 on valve 
seat member 43. Valve seat member 43 is secured to the bottom of 
cyclone dipleg 30 by means of welding or other appropriate means. 
Seat member 43 is made thicker than the dipleg so that a steep, long 
taper can be provided which will withstand erosion during use 
without an unacceptable deterioration in sealing. Thus, even though 
wear on the sealing surfaces and in the pivot pin and pivot pin hole 
will occur during use, sealing will be maintained. To this end, it 
is preferred that the cone angle A of the frus to-conical sealing 
surfaces should be less than 90°; although angles greater than about 
90° will still provide a long sealing surface because of the 
relatively thick seat member 43, improved sealing is obtained with 
the steep cone angle as shown. However, in order to avoid wedging 
of the valve body within the seat member, it is preferred that the 
cone angle should not be less than about 40° and accordingly, cone 
angles between 50° and 90° are preferred. 

As described above, the obturating plate may be fabricated 
of steel or a refractory material or of a composite structure with 
steel support members underlying or embedded in a refractory. 
Further, the sealing surfaces may be faced with a wear- resistant 
material or inserts of wear- resistant material may be provided so 
that the sealing surfaces themselves are of the wear- resistant 
material. 

In order to improve sealing, a catalyst retaining ring 45 
extends around valve body member 40, extending upwards from the 
annular region 46 around frus to-conical sealing surface 41. When 
the valve is in its closed position retaining ring 45 extends 
upwards above the lower edge 47 of valve seat member 43. The 
purpose of catalyst retaining ring 45 is to keep some catalyst on 
the surface of valve body member 40 when the valve is in the closed 
position, surrounding the lower edge 47 of valve seat member 43, to 
improve the sealing. The use of the catalyst retaining ring is 
particularly desirable when the valve is used with the secondary or 
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tertiary cvdones in a catalyst separation system because the finely 
divided catalyst particles recovered in these separation stages 
create the greatest sealing problem with conventional flapper 
valves. The present construction with the annular retaining ring 
provides good sealing in these cases. 

The valve provides improved sealing compared to 
conventional types of flapper valve and is moreover simple as well 
as being capable of withstanding the rigours of operation m a 
typical FCC unit. 
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CLAIMS 



1. A flapper valve for sealing a dipleg on a cyclone 

separaotr, which comprises: 

(i) a movable support member hinged to the dipleg 
axis, vhich is movable between a closed position and 
an open position for the valve, 

(ii) ) A valve seat member at the bottom of the dipleg 
having a frus to -conical seating surface axially 
aligned with dipleg, 

(iii) a valve body member on the support member having 
a frusto-conical face complementary to the 

frus to-conical seating surface 

(iv) means for biasing the support member to the 
valve-closed position. 

2. A flapper valve according to claim 1 in which the 
frusto-conical seating surface of the valve seat member is of a 

refractory material. 

3. A flapper valve according to claim 2 in which the 
valve seat member comprises a refractory material. 

4. A flapper valve according to claim 1 in which the 
frust-conical face of the valve body member is of a refractory 
material . 

5. A flapper valve accordingly to claim 1 in which the 
valve body member comprises a cone frustum of a refractory material. 

6. A flapper valve according to claim 1 which includes an 
upstanding annular retainer ring around the lower portion of the 
valve body member and having an inner diameter larger than the outer 

diameter of the dipleg. 

7. A flapper valve according to claim 1 in which the cone 
angle of the frusto-conical surfaces is not more than 90« . 

8. A flapper valve according to claim 1 in which the 
valve seat member comprises a cylindrical annular member having the 
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frusto-conical seating surface at its lower end and attached at its 

upper end to the dipleg. 

9. A flapper valve according to claim 8 in which the 
radial thickness of the cylindrical annular member is greater than 

that of the dipleg. 

10. A flapper valve according to claim 1 in which the 
means for biasing the valve to the valve-dosed position comprises a 
counterweight on the end of the support member arm remove from the 

valve body member. 

11. A fluid catalytic cracking unit having at least one 
cyclone separator with a dependent dipleg for separating cracking 
catalyst from gases, the lower end of the dipleg having a flapper 
valve for retaining catalyst in the dipleg, the improvement 
comprising a flapper valve having 

(i) a movable support member hinged to the dipleg about 
a horizontal hinge axis, which is movable between a 
closed position and an open position for the valve, 

(ii) a valve seat member at the bottom of the dipleg 
having a frusto-conical seating surface axially 
aligned with the dipleg, 

(iii) ) a valve body member on the support member 
having a frusto-conical face complementary to the 
frusto-conical seating surface. 

12. A fluid catalytic cracking unit according to claim 11 
in which the frusto-conical seating surface of the valve seat member 
is of a refractory material. 

13. A fluid catalytic cracking unit according to claim 12 
ir which the valve seat member comprises a refractory material. 

14. A fluid catalytic cracking unit according to claim 11 
in which the frusto-conical face of the valve body member is of a 

refractory material. 

15. A fluid catalytic cracking unit according to claim 11 
in which the valve body member comprises a cone Frustum of a 
refractory material. 
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16. A fluid catalytic cracking unit according to claim 12 
which includes an upstanding annular retainer ring around the lower 
portion of the valve body and having an inner diamter larger than 
the outer diameter of the dipleg. 

17. A fluid catalytic cracking unit according to claim 11 
in which the cone angle of the frusto-conical surfaces is not more 
than 90°. 

18. A fluid catalytic cracking unit according to claim 11 
in which the valve seat member comprises a cylindrical annular 
member having the frusto-conical seating surface at its lower end 
and attached at its ower end and attached at its upper end to the 
dipleg. 

19. A fluid catalytic cracking unit according to claim 18 
in which the radial thickness of the annular member is greater than 
that of the dipleg. 

20. A flapper valve according to claim 11 in which the 
means for biasing the valve to the valve-closed position comprises a 
counterweight on the end of the support member arm remove from the 

valve body member. 

21. In a fluid catalytic cracking unit having a cracking 
riser, a reactor vessel at the top of the cracking riser, at least 
one cyclone separator in the reactor vessel for separating cracking 
catalyst from gases and passing separated catalyst down a dependent 
dipleg attached to the bottom of the cyclone separator, a flapper 
valve at the bottom of the dipleg for retaining catalyst to a 
predetermined value of the height of catalyst in the dipleg when the 
valve is in the closed position and releasing catalyst from the 
diplet when he height of catalyst in the dipleg exceeds the 
predetermined value by opening of the valve, the improvement 
comprising a f 

lapper valve having: 

(i) a movable support member hinged to the dipleg about 
a horizontal hinge axis, which is movable between a 
closed position and an open position for the valve, 
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(ii) a valve seat member at the bottom of the dipleg 
having a frusto-conical seating surface axially 
aligned with the dipleg, 

(iii) a valve body member on the support member having a 
frusto-conical face complementary to the 
frusto-conical seating surface. 

22. A fluid catalytic cracking unit according to claim 21 
which includes an upstanding annular retainer ring around the lower 
portion of the valve body member and having an inner diameter larger 
than the outer diameter of the dipleg. 

23. A fluid catalytic cracking unit according to claim 21 
in which the cone angle of the frusto-conical surfaces is not more 
than 90° . 

24. A fluid catalytic cracking unit according to claim 21 
in which the valve seat member comprises a cylindrical annular 
member having the frusto-conical seating surface at its lower end 
and attahced at its upper end to the dipleg. 

25. A fluid catalytic cracking unit according to claims 21 
in which the means for biasing the valve to the valve-closed 
position comprises a counterweight on the end of the support member 
arm remove from the body member. 
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